Aim To evaluate the effectiveness of anterior chemodenervation of levator palpebrae superioris with Botulinum toxin type A (Botox s ) to induce temporary ptosis for corneal protection, and assess the incidence of superior rectus underaction. Methods Prospective interventional case series. Patients with ocular surface pathology requiring temporary tarsorrhaphy underwent transcutaneous anterior chemodenervation of levator palpebrae superioris with Botox s . The onset and duration of ptosis, corneal healing, and superior rectus underaction was evaluated. Results Ten eyes of 10 patients underwent transcutaneous anterior chemodenervation of levator muscle. Five patients had Bells palsy with exposure keratopathy, four patients had persistent epithelial defect, and one had neurotrophic ulcer. The median age at presentation was 30 years. Median dose of Botulinum toxin injection was 12.5 U (range 10-15 U). The mean palpebral fissure height of 9 mm (SD72.1 mm) before injection, reduced to 2.8 mm (SD71.9 mm) at 1-week post-injection. More than 50% reduction in palpebral fissure height was seen in nine out of 10 eyes (90%, 95% CI 71.4-100%) at 1 week, seven of nine eyes (77.8%, 95% CI 50.6-100%) at 2 weeks, and two of nine eyes (22.2%, 95% CI 0-49.4%) at 4 weeks, and returned to pretreatment level after mean duration of 9.2 weeks (range 5-16 weeks). Superior rectus underaction was not noted in any of the patient (95% CI 0-30%). Corneal pathology improved in all cases. Conclusion Anterior chemodenervation of levator palpebrae superioris with Botulinum toxin type A (Botox s ) induces significant temporary ptosis and aids in corneal healing. Anterior placement of the toxin injection may avoid superior rectus underaction.
Introduction
Temporary protection of the cornea is desirable in patients with exposure keratopathy owing to Bell's palsy, persistent epithelial defects, and indolent corneal ulcers. Tarsorrhaphy has remained the traditional treatment for temporary protection of the cornea. It however requires a surgical procedure, can lead to scarring of the eyelid margin, and is cosmetically disfiguring. Moreover, it makes the evaluation of the ocular surface difficult.
Botulinum toxin injection into the levator palpebrae superioris has been reported to be an effective method to induce temporary ptosis for corneal protection. [1] [2] [3] [4] [5] [6] Transient superior rectus underaction is the most commonly reported side effect, seen in 68-80% of treated patients. 1, 2 Adams et al in their series noted that 12 out of 15 (80%) patients developed superior rectus underaction, of which 10 (67%) continued to demonstrate underaction even after complete resolution of ptosis. 1 Kirkness et al noted a 68% incidence of superior rectus underaction along with ptosis induction. 2 Although the mean recovery time of superior rectus underaction was noted to be 6 weeks, four (16%) patients in their series had diplopia lasting beyond complete recovery of ptosis. 2 Protective ptosis accompanied by superior rectus underaction has several disadvantages. The reduced Bells reflex and the resultant hypotropia can lead to a paradoxical increased exposure of the cornea through the reduced palpebral fissure. In patients with good visual acuity (Bells palsy) in the affected eye, the induced protective ptosis is often incomplete, and superior rectus underaction in these patients can lead to significant diplopia, especially as the ptosis recovers. Following chemodenervation of levator muscle, persisting hypotropias owing to breakdown of fusion or contracture of ipsilateral inferior rectus muscle requiring corrective strabismus surgery has also been reported. 7 A technique of levator chemodenervation with reduced chances of superior rectus underaction would therefore be highly desirable. Prior reports have described administration of Botulinum toxin with a 25 mm needle aiming for an orbital injection into the belly of the levator muscle. [1] [2] [3] 7 It is possible that the anatomic proximity of the levator and superior rectus muscle within the mid-orbit could have led to the high incidence of superior rectus underaction following posterior placement of the Botulinum toxin. [1] [2] [3] 8 The risk of inadvertent intraocular injection of the toxin also increases with deep injections. 9, 10 In this series, we report our experience with anterior chemodenervation of levator palpebrae superioris for induction of temporary ptosis, and its effectiveness in preventing superior rectus underaction. The advantages of this technique are discussed.
Materials and methods
This prospective interventional study was performed at the Ophthalmic plastic surgery service of LV Prasad Eye Institute, Hyderabad, India between March 2003 and February 2004. Only patients who met the eligibility criteria during the study period, for whom leftover Botox s (within 24 h of reconstitution) was available, were included in this study. All patients were referred by our cornea services requesting trasorrhaphy for corneal protection. The demographic data of the patient, corneal pathology, pre-injection palpebral fissure height, ocular motility, and lagophthalmos were measured. The study complied with the policies of the institutional review board of LV Prasad Eye Institute, Hyderabad.
Transcutaneous chemodenervation of levator palpebrae superioris was performed using Botulinum Toxin type A (Botox s , Allergan, Irvine CA, USA) reconstituted with 2cc preservative free normal saline ( Figure 1) . A tuberculin syringe with a half-inch 26-or 30-gauge needle was used for injection procedure. The needle tip was placed near the anterior orbital roof just behind the superior orbital rim in the mid-pupillary plane, and the toxin was injected. The patient was continued on appropriate topical medications as prescribed by the corneal surgeon.
The extent of exposure keratopathy and corneal pathology was monitored by the corneal surgeon with fluorescein staining or measurement of epithelial defect at each visit. The palpebral fissure height, lagophthalmos, corneal pathology, and ocular motility were evaluated at 1, 2, and 4 weeks after chemodenervation. Superior rectus underaction was graded as Grade 0 (no underaction) to Grade 4 (complete hypotropia with no supraduction). The mean difference in palpebral fissure height was compared by Wilcoxon signed rank test, and the incidence of superior rectus underaction was evaluated.
Results
Ten eyes of 10 patients underwent transcutaneous anterior chemodenervation of levator muscle during the 1-year study period. Five patients had Bells palsy with exposure keratopathy within 1 month of onset, four patients had persistent epithelial defect following penetrating keratoplasty, and one patient had neurotrophic keratopathy. The median age at presentation was 30 years (range 4-57 years).
The median dose of Botulinum toxin (Botox s ) injection was 12.5 U (range 10-15 U). The mean palpebral fissure height was 9 mm (SD72.1 mm) before injection, and reduced to 2.8 mm (SD71.9 mm) at 1 week post-injection. The mean difference in the palpebral fissure height was 6.2 mm (95% CI, 4.9-7.4 mm), and was statistically significant (P ¼ 0.005; Wilcoxon signed rank test). The mean percentage reduction in palpebral fissure height was 70.4% (SD717.4). Nine patients had more than 1-week follow-up post-chemodenervation. More than 50% reduction in palpebral fissure height was seen in nine out of 10 eyes (90%, 95% CI 71.4-100%) at 1 week, seven of nine eyes (77.8%, 95% CI 50.6-100%) at 2 weeks, and two of nine eyes (22.2%, 95% CI 0-49.4%) at 4 weeks post-injection ( Table 1 ). The palpebral fissure height returned to pretreatment level after a mean duration of 9.2 weeks (range 5-16 weeks). Corneal pathology improved in all cases.
Superior rectus underaction was not noted in any patient during the assessment made at 1, 2, and 4 weeks during the study period. No patient reported diplopia during or after complete recovery of induced ptosis.
The comparison of toxin dose, mean duration of action, and superior rectus underaction in various reported series is summarized in Table 2 .
Discussion
Several reports of Botulinum toxin injection into the levator palpebrae superioris for corneal protection have been published. [1] [2] [3] [4] [5] [6] Adams et al reported induction of ptosis with botulinum toxin that lasted for a mean duration of 8.1 weeks. 1 Temporary underaction of the superior rectus muscle was noted in 12 out of 15 (80%) cases in their series, and 10 patients (67%) had persistence of superior rectus underaction beyond complete recovery of ptosis. Two patients in their series noted diplopia upon recovery of ptosis, and one patient required prisms for 3 months.
Kirkness et al later reported a series of 25 cases where protective ptosis was induced with Botulinum toxin type A in a similar manner. 2 The authors reported complete ptosis in 75% cases lasting for an average of 16 days and recovery within 8.5 weeks. Temporary underaction of the superior rectus muscle was noted in 17 out of 25 (68%) cases, recovering within 6 weeks. Four (16%) patients in their series had diplopia lasting beyond complete recovery of ptosis. 2 In both the studies, Dysport (Vaccine research and Production Laboratory, Porton Down) was used in a concentration of 0.0625 ng.
Ellis and Daniell recently reported a series of 21 cases in which the average duration of induced ptosis was 46 days. 3 Diplopia was noted in five (24%) cases in their series, but the exact duration of superior rectus underaction was not mentioned. Moreover, the effective dose of Botulinum toxin (Botox s ) was 5 U, with one-third patients requiring repeat injections to maintain adequate ptosis. Heyworth and Lee reported persisting PED, persistent epithelial defect; PK, penetrating keratoplasty; PFH, palpebral fissure height; LFU, lost to follow-up.
hypotropia following induction of protective ptosis for corneal protection that required strabismus surgery. 7 The proposed mechanism was either breakdown of fusion owing to prolonged occlusion, or contracture of ipsilateral antagonist muscle. A pre-existing latent vertical deviation was considered as a risk factor for development of persisting hypotropia. 7 Superior rectus underaction following induction of ptosis can reduce the Bells reflex. The resultant hypotropia is likely to further expose the healing cornea, especially while the palpebral fissure gradually widens with ptosis recovery. This in turn can negate the effects of the induced protective ptosis. It would therefore be desirable to induce protective ptosis without causing underaction of superior rectus muscle to avoid its attendant complications.
Prior reports have described administration of Botulinum toxin with a 25 mm needle aiming for an orbital injection into the belly of levator muscle. [1] [2] [3] 7 It is possible that the posterior placement of Botulinum toxin could have led to the high incidence of superior rectus underaction. The levator muscle belly and the superior rectus are in close approximation behind the Whitnall's ligament. Moreover, the lateral border of superior rectus muscle extends beyond that of the levator muscle in the mid and posterior third of the orbit. 8 This anatomic relation may cause the toxin to act on the superior rectus muscle when injected deep into the mid-orbit. Several incidences of globe perforation have been reported with Botulinum toxin injection for strabismus. 9, 10 The use of a long needle and posterior injection increases the possibility of globe perforation.
In our study, the injection was aimed at the anterior most part of the levator muscle, using a half-inch needle. The induced ptosis that lasted for a mean duration of 9.2 weeks in our series is more than previous reports (Table 2) , probably owing to the higher toxin dose used by us (10-15 U of Botox s ). Since a higher initial dose was used, we did not require repeat injections to maintain ptosis as reported by Ellis and Daniell.
3 Surprisingly, despite the use of a comparatively higher dose in our series (Table 2) , the anterior placement of the toxin prevented superior rectus underaction.
The anterior placement of Botulinum toxin injection therefore has several advantages. It avoids associated superior rectus underaction, which was previously considered inevitable and self-resolving. Anterior placement of toxin allows a higher initial dose, thereby avoiding repeat injections, and maintains a longer duration of induced ptosis. The use of a half-inch needle may also potentially reduce the chances of globe perforation.
It can be argued that the superior rectus underaction in previous reports was temporary, and is unlikely to induce diplopia, while the eyelid is ptotic. However, it is important to note that induced ptosis is often incomplete (Bells palsy), especially as the ptosis recovers. In these cases, hypotropia during initial few weeks can cause diplopia or compromise corneal healing.
Our study comprises of a small sample size, and is non-comparative. Moreover, the difference in bio-equivalence between Botox s and Dysport s makes comparison with previous studies difficult. However, this prospective series suggests that anterior chemodenervation of the levator is likely to reduce the chances of simultaneous superior rectus underaction. A comparative study randomizing both techniques of injection using standard toxin dose would be required to further assess its validity.
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